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Abstract.
BACKGROUND: COVID-19 has become a significant healthcare issue, particularly challenging for patients with ankylosing
spondylitis (AS), because immune-related diseases and their treatments could adversely affect the susceptibility to or severity of a
viral infection.
OBJECTIVE: This study is conducted to present an exercise rehabilitation program that patients older than 60 years with AS can
do at home during the COVID-19 pandemic.
METHODS: Three Delphi surveys were conducted to reach a consensus on home-based rehabilitation programs. This study
recruited ten experts and performed three Delphi rounds for a month.
RESULTS: The expert panel suggested that home-based rehabilitation for the patients should be carried out with a clear
rehabilitation goal. Their final recommendations are to institute a program aimed to ease symptoms, such as pain and stiffness;
encourage patients to consult with experts regularly to ensure that they perform exercise rehabilitation properly at home; add fast
walking and stretching to the rehabilitation program; and see if indoor cycling, Pilates, or yoga could be appropriate.
CONCLUSIONS: This study suggests that patients with AS over 60 should repeat low-intensity exercises, such as stretching, for
an hour a day, four to six times a week during the COVID-19 pandemic.
Keywords: Ankylosing spondylitis, home-based rehabilitation, COVID-19

1. Introduction
The COVID-19 pandemic has become a significant
healthcare issue worldwide and is particularly challenging for patients with ankylosing spondylitis (AS),
because immune-related diseases and their treatments
could adversely affect the susceptibility to or severity of
a viral infection [1,2]. The medical consensus regarding
health risks related to the COVID-19 pandemic is that
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the elderly are by far the most vulnerable population.
Age is the most important factor in diminishing the
chances of surviving COVID-19, individuals over the
age of 65 are particularly vulnerable [3]. In the absence
of effective pharmacological intervention, managing
the virus largely depends upon effective public health
measures to mitigate its spread and flatten the curve [4].
These measures have been implemented in many countries and include bans on public gatherings, compulsory
stay-at-home policies, required closure of schools and
nonessential businesses, and ordinances requiring face
masks, quarantines, and cordon sanitaire [5,6].
Patients with AS often experience pain and stiffness
in their joints, which can be treated with rehabilitation
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exercises. Regular exercise is recommended to prevent
the disease’s progression, and remains necessary during
the COVID-19 pandemic to mitigate symptoms [7].
However, hospital visits may increase the patient’s risk
of infection. Home-based rehabilitation is an alternative
support system, which can allow care to continue in a
familiar environment, reducing the burden on caregivers
and improving the subject’s quality of life [8].
Several studies indicate that home rehabilitation can
be as effective as outpatient clinics, with no significant
differences between pediatric and adult patients’ outcomes [9]. Nevertheless, developing effective homebased exercise routines for the rehabilitation of patients
with AS in their 60 s or older remains a significant task.
It is a multifactorial problem, confronting situational
and psychological factors that vary between individuals, and that need to be addressed by experts in the
design of personalized exercise programs [10]. Azhari
and Parsa [11] reported the importance of home rehabilitation in orthopedic areas during the COVID-19
pandemic. According to them, when social distancing
policies limit hospital or clinic-based rehabilitation,
home-based rehabilitation can be one of the supportive
programs that allow the continuation of patient care in
a familiar living environment to reduce the burden on
caregivers and improve the quality of life of the patients. However, their report was a letter to the editor,
with the limitation that no empirical analysis was presented on how to implement home-based rehabilitation
programs for patients with stabilized AS during the
COVID-19 pandemic. Thus, the exercise programs that
experts identify as being the most effective in maintaining joint flexibility and relaxing rigid joints and muscles
should be accessible to patients with AS without expert
assistance. The purpose of this study was to present an
exercise rehabilitation program for older patients with
AS to do at home during the COVID-19 pandemic.

2. Literature review
Ankylosing spondylitis is a chronic inflammatory
disorder that mainly affects sacroiliac joints and spine
joints, causing severe, chronic pain [12]. Excessive inflammation can result in local tissue damage, and progressive joint immobility, leading to spinal deformities [13]. The current treatments for AS include medications with non-steroidalal anti-inflammatory drugs, local glucocorticoids, tumor necrosis factor inhibitors, as
well as appropriate exercise programs, physiotherapy,
and patient education [14]. Although combined treat-

ments are recommended for AS, this study focused on
exercise rehabilitation [15]. Researchers have demonstrated that physical activity can decrease pain and disease activity, improve mobility, and increase physical
functionality in patients with AS [16,17].
2.1. Rationale for exercise
Guidelines for the treatment of AS cannot be applied
uniformly; age and the severity of the disease should
be considered, particularly with regard to the type and
intensity of exercises [18]. The aims of exercise programs are indicated in the long-term goals of patients
with AS, including posture, mobility, and respiratory
function [19].
Pain and stiffness generally indicate an inflammation
of joints and periarticular structures, which, if not mobilized, will lead patients with AS to adopt a comfortable
position, commonly with a forward flexed posture [18].
Thus, the focus of exercise should be on maintaining
or improving mobility in patients with AS. For patients
with AS, mobility is related to relief from pain and stiffness and functional improvements. Regular exercise in
patients with AS can prevent a decrease in spinal and
hip mobility [20]. Because bony ankylosis can occur in
numerous joints around the thorax, resulting in limited
movement of the chest wall, breathing exercises are often practiced to maintain or improve the vital capacity
and mobility of the thorax [21].
2.2. Assessment before exercise
Some physical measurements for patients with AS
that have been reported in the literature can be used as
a baseline to measure the effects of exercise rehabilitation [18]. There are several valid techniques of measuring spinal and hip mobility [20]. Some of the more important measurements for patients with AS include the
Smythe test for thoracolumbar extension and flexion,
cervical range of motion, lateral trunk flexion, height,
and finger-to-floor distance, as well as the Schober test
for lumbosacral flexion. In addition, chest expansion
should be monitored, along with regular lung-function
tests, owing to the potential for diminished movement
in the costovertebral joints and their effect on vital capacity [20].
Outcome parameters for evaluating various aspects
of functionality have been developed not only for AS
symptoms such as pain and stiffness but also for related
domains, such as disease activity, mobility, physical and
emotional functioning, quality of life, and social participation [21]. Table 1 shows the domains and instruments
in AS [22].
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Table 1
Domains and instruments in ankylosing spondylitis [22]
Domains
Single domains
Pain
Peripheral joints
Fatigue
Global patient assessment
Composite domains
Disease activities
Physical functioning and mobility
Quality of life and social participation
Employment

Instrument
Visual analogue scale, numeric rating scale
Number of swollen joints
Visual analogue scale, numeric rating scale
Visual analogue scale
Bath AS∗ disease activity index (BASDAI)
AS∗ disease activity score (ASDAS)
Bath AS∗ metrology index (BASMI)
Bath AS∗ functional index (BASFI)
Short-form-36 (SF 36)
AS-Quality of Life (AS-Qol)
Work productivity and activity impairment questionnaire (WPAI)

AS∗ : Ankylosing Spondylitis.

2.3. Home exercises for patients with AS
Nolte and Rensburg [19] reported that a pragmatic
approach to exercise might be required depending upon
the patient’s circumstances. According to their study,
patients with AS who are employed often cannot afford the time for in-patient treatment. Consequently, inhome exercises can produce improvements equivalent
to those seen with in-patient treatment, although the
latter is more likely to produce greater improvements
in the short term. To improve adherence, home exercises should be tailored to fit into the daily routines.
Exercises that can be performed throughout the day are
useful, such as corner pectoral stretches, on all trips
to the bathroom. Self-monitoring of physical measurements, such as height, can be helpful because patients
are often surprised to find out how much height they
have lost [19].
2.4. Intensity, duration, frequency, and type of exercise
Santos et al. [23] found that patients with AS who
exercised approximately two to four hours a week had
lower disease activity and improved function compared
with those who did not. Their results also indicate that
patients who performed intensive daily exercises experienced functionality, but not a decrease in disease activity, which suggests that the health benefits are derived
from moderate, consistent exercise. Uhrin et al. [24]
searched exercise-based changes in patients with AS
in 2000. They revealed that unsupervised recreational
exercise and back exercises improved the health status
of patients with AS, but that specific benefits varied
with the duration of AS. At least 200 minutes per week
(> 30 min/day) of recreational exercise was associated
with decreased pain and stiffness in patients with AS;
however, weekly exercise of a lower duration was not.

Back exercises were related to graded decreased pain
and functionality for patients with longstanding AS,
with the greatest benefits seen in those who performed
these exercises at least five days per week. Consequently, it is recommended that patients with AS exercise at least 30 minutes per day and perform back exercises for at least five days per week. Consistency, rather
than quantity, appears to be more important. Rouse et
al. [25] conducted an open-response survey exploring
the perceived effects of physical activity for patients
with AS. According to their study, 53% of patients with
AS (n = 149; 60% female) participated in at least one
period (15 min) of strenuous physical activity, 79% in
at least one period of moderate activity, and 93% in at
least one period of mild activity, such as walking (62%),
swimming (22%), cycling (17%), filing (15%), exercise class (13%), running (13%), gym (10%), and yoga
(9%). Pain and fatigue were the most frequently identified factors that prevented patients with AS from being
more physically active. Patients with AS also reported
more autonomously driven motivations than controlled
motivations to participate in physical activity.
2.5. Research questions
This study evaluates home-based rehabilitation in patients with AS during the COVID-19 pandemic. To this
end, this study presents the following research questions:
First, what are the essential considerations in homebased rehabilitation for AS patients over 60 years
of age during the COVID-19 pandemic?
Second, how can home-based rehabilitation be done
for AS patients over 60 years of age during the
COVID-19 pandemic?
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Table 2
The demographic characteristics of the expert panel
Expert no.
1
2
3
4
5
6
7
8
9
10

Age
(years)
50
49
46
47
52
53
48
49
52
51

Gender
Male
Female
Male
Female
Male
Male
Female
Male
Male
Female

Career
(years)
22
17
16
17
23
24
19
20
21
20

Occupation
Scholar
Scholar
Scholar
Scholar
Scholar
Doctor
Doctor
Doctor
Official
Official

3. Research method
This study examines home training conditions and
challenges for people 60 years of age or older with AS
in the COVID-19 era by considering potential qualitative improvements. To this end, a panel of 10 related
experts was surveyed, and their responses were analyzed using the Delphi method [26]. The Delphi method
is an iterative and anonymous process that is used to
achieve consensus on a subject using multiple rounds
of discussion with controlled feedback. The Delphi approach has been proven effective in gathering expert
opinions on a given issue and allows asynchronous interaction with the expert panel. Experts could complete
the surveys whenever it was convenient for them. The
Delphi method anonymity aspect allows for unfettered
conversation without expert opinions being swayed by
others [27]. As this study did not involve human subjects, approval from the institutional review board was
not necessary [28].
3.1. Participants
The Delphi method has been shown to be valid for
gathering experts’ opinions on a specific problem [29].
This study invited 10 experts to participate in the research via an e-mail with information about the study.
Because defining an expert is subjective, an expert panel
does not need to be representative of any particular
population [26].
This study selected a panel of participants who
had more than 10 years of experience in their field.
Baker [30] concluded that researchers must strive for
the “best options” when selecting and defending the
most appropriate panel of available experts. The panel
of experts who participated in the final round comprised five scholars (PhD holders), three doctors of
state-owned hospital with more than 10 years of experi-

ence, and two government officials who had more than
two years of experience in exercise policy of more than
2 years and a minimum of 10 years of experience in
government.
All 10 experts (100%) participated in the Delphi process, and they all completed the three surveys. Table 2
shows the demographic characteristics of the experts
who participated in the final round.
3.2. Data collection
Three Delphi rounds were held over approximately
one month, from May 1 to August 31, 2021. Each Delphi round was composed of data collection, data analysis, and controlled feedback [26]. The initial survey
was an open questionnaire to derive unbiased opinions
from the 10 panelists. The second Delphi round was
conducted based on the results of the first questionnaire. The third Delphi round was conducted using fivepoint Likert scale based on the results of the second
questionnaire.
The first author was assigned as the facilitator, to organize the expert panel and undertake communication
with the panelists. The participating experts were required to assess the importance of each item of the questionnaire. Each expert was allowed to reconsider his
or her answers on the questionnaires, after they heard
the answers of the other panelists. Table 3 presents the
research process using the Delphi method.
3.3. Data analysis
In principle, consensus is reached if the coefficient of
variation for participating experts is greater than 0 and
less than 0.5; there is a less-than-satisfactory consensus,
and additional investigation may be required if the coefficient is greater than 0.5, and less than 0.8; and consensus is poor and additional investigation is definitely
required if the coefficient is greater than 0.8 [31]. In all
three rounds of this study, the coefficients derived for all
items was below 0.5, which means that experts reached
a strong degree of consensus. The content validity ratio
(CVR) proposed by Lawshe [32] was determined by
the following formula:
Ne − N/2
CVR =
N/2
where CVR stands for content validity ratio, Ne refers
to the number of experts who answered 4-Agree or 5Strongly Agree, and N stands for the total number of
panel members. The number of panels determines the
final decision to keep the item based on the CVR. The
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Table 3
Research process using the Delphi method
Round
First round

Question format
Open questions

Second round

Structured five-point
Likert type scale
Structured five-point
Likert type scale

Third round
∗ CVR

Question content
Initial views on home training, including the type,
intensity and frequency- of exercise that subjects should
practice during COVID-19
Importance assessment for specific items in each area
derived from content analysis
Reassessment of importance and feasibility for each
item

Analysis method
Content analysis

Calculation for mean and quadrant
range content feasibility, and CVR∗
Calculation for mean, standard
deviation, content feasibility, and CVR∗

= Content validity ratio.

Table 4
Minimum value of CVR (content validity ratio), p = 0.05
Number of panelists
5
6
7
8
9
10
15
20
30

Minimum value
0.99
0.99
0.99
0.75
0.68
0.62
0.49
0.42
0.33

Source: [32].

guideline for the valid CVR value for the evaluated item
to be preserved is shown in Table 4. In this study, the
CVR should be higher than 0.62, since the number of
panel members was 10 [33].

4. Results and discussion
In this study, items with a CVR ratio of 0.62 or less
were excluded from the survey questions, and the contents of each question were ranked according to the
mean value; the item results are shown in the this section.
4.1. First round
After conducting the first Delphi survey of the expert
panel, this study was able to obtain various answers for
the following questions: What are the essential considerations in home-based rehabilitation for AS patients
over 60 years of age during the COVID-19 pandemic?
and How could home-based rehabilitation be done for
AS patients over 60 years of age during the COVID-19
pandemic? (Table 5).
Among the experts’ answers, the key answers with
more than 50% response frequency are listed in Table 3.
The key answers for Question 1 are:
– To reduce pain and maintain joint mobility in AS
patients, exercise is crucial during the COVID-19
pandemic (100%);

– Even if AS patients exercise at home during the
COVID-19 pandemic, exercise guidance is needed
(100%);
– It is not advisable for AS patients to visit hospitals
or rehabilitation centers and exercise with others
at the risk of the COVID-19 infection (90%);
– Patients with AS need to know what to do and how
to do exercise during the COVID-19 pandemic
(80%).
The key answers for Question 2 are:
– For AS patients, warm-up exercises are essential
to prevent injury (100%);
– Mobility exercises are really important for those
with AS to do, which depends on the patients with
AS (100%);
– Cardiovascular exercises are important for those
with AS (90%) – Cardiovascular training could be
riding a bike, using the cross trainer, going for a
walk or going for a swim (80%);
– Strength training could be recommended for those
with AS (80%);
– Since AS will affect patients’ joints, it will be
better to protect their joints with strength training
(80%).
Minority opinions included:
– Any exercises that would put pressure on the spine
or hips should be avoided in AS patients (40%);
– Swimming or cycling will be one of the best exercises for AS patients (40%);
– It is recommended to exercise using a virtual reality program (30%).
Based on these responses, the second Delphi survey
questionnaire was created using the five-point Likert
scale, as noted in the research methods section.
4.2. Second and third rounds
Based on the results of the first Delphi round, the
second and third Delphi rounds were conducted after
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Table 5
Panel’s key answers to the first Delphi survey

Question
Question 1
What are the essential considerations in homebased rehabilitation for AS patients over
60 years of age during the COVID-19 pandemic?

Question 2
How could home-based rehabilitation be done
for AS patients over 60 years of age during the
COVID-19 pandemic?

Key answers
To reduce pain and maintain joint mobility in AS patients, exercise is
crucial during the COVID-19 pandemic
Even if AS patients exercise at home during the COVID-19 pandemic,
exercise guidance is needed
It is not advisable for AS patients to visit hospitals or rehabilitation
centers and exercise with others at the risk of the COVID-19 infection
Patients with AS need to know what to do and how to do exercise
during the COVID-19 pandemic
For AS patients, warm-up exercises are essential to prevent injury
Mobility exercises are really important for those with AS to do, which
depends on the ability of patients with AS
Cardiovascular exercises are important for those with AS
Cardiovascular training could be riding a bike, using the cross trainer,
going for a walk or going for a swim
Strength training could be recommended for those with AS
Since AS will affect patients’ joints, it will be better to protect their
joints with strength training

Frequency (%)
100
100
90
80
100
100
90
80
80
80

Table 6
Essential considerations in home-based rehabilitation for patients with AS over 60 years of age
Domains
Rehabilitation processes and principles

Rehabilitation purposes and methods

Rehabilitation content and evaluation

Content
Goals for rehabilitation treatment
Presenting a home-based rehabilitation program
Patient’s understanding of the program
Identifying the patient’s cognitive level
Mitigating symptoms of AS
Management with home-based rehabilitation program
Finding the suitable rehabilitation exercise
Preventing injury during the program
Gymnastics and stretching-centered exercise
Intensity, frequency, and time of exercise
Consultation on program implementation
Supervision and evaluation by family members

M∗
5.00
5.00
4.50
4.33
5.00
4.83
4.58
4.42
5.00
5.00
5.00
4.17

SD∗∗
0.00
0.00
0.52
0.49
0.00
0.39
0.45
0.51
0.00
0.00
0.00
0.58

CVR∗∗∗
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
0.83

M∗ = Mean; SD∗∗ = Standard deviation; CVR∗∗∗ = Content validity ratio.

grouping them into “essential considerations in homebased rehabilitation for AS patients over 65 of ages” or
“home-based rehabilitation program for AS patients.” In
addition, the first round was further subdivided into the
following domains: rehabilitation processes and principles; rehabilitation purposes and methods; and rehabilitation content and evaluation (Table 6). The second
round was also further subdivided into the following
domains: home training exercise type; home training
exercise frequency; home training exercise intensity;
home training exercise time (Table 7).
4.2.1. Essential considerations in home-based
rehabilitation for AS patients over 65 years of
age
According to the three Delphi results, the detailed
responses of the expert panels were largely divided
into the rehabilitation process and principles, the purpose and methods of rehabilitation, rehabilitation con-

tent, and evaluation areas. The experts’ perceptions of
detailed items and their importance for each area are
shown in Table 6.
The panel of experts unanimously agreed that the
processes and principles of rehabilitation were important to selecting clear rehabilitation goals and providing
ways for patients to practice the exercise autonomously.
Next, it was agreed that understanding of the rehabilitation treatment process should be identified. Explanations or perceptions expressed by the patients’
caregivers or families were excluded, as they have been
shown to be of little importance. Panelists unanimously
considered the most important factors for home-based
rehabilitation to be the treatment of stiff joints and
pain relief. Experts next agreed that the exercise program for elderly patients with AS should include selfmanagement skills, with the next-highest priority being to find suitable rehabilitation exercises and prevent
injuries during home-based rehabilitation. The panel
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Table 7
Home-based rehabilitation program for patients with AS
Classification
Home training
Exercise type
Home training
Exercise
Frequency
Home training
Exercise intensity
Home training
Exercise time

Content
Fast walking, gymnastics and stretching
Riding a stationary bike
Pilates/yoga
4 ∼ 6/week
3/week
Daily
Low-intensity
Moderate-intensity
High-intensity
1 hour
30 mins
90 mins

M∗
5.00
4.83
4.58
5.00
4.67
4.33
5.00
4.83
4.67
5.00
4.08
4.00

SD∗∗
0.00
0.92
0.49
0.00
0.49
0.65
0.00
0.34
0.49
0.00
0.29
0.43

CVR∗∗∗
1.00
1.00
1.00
1.00
1.00
0.83
1.00
0.83
0.67
1.000
0.83
0.67

M∗ = Mean; SD∗∗ = Standard deviation; CVR∗∗∗ = Content validity ratio.

unanimously commented on the content and evaluation
of the home-based rehabilitation program and, and the
need for regular consultation with experts, followed by
family supervision and evaluation.
The panel suggested that patients carry out their
programs with clear, context-specific rehabilitation
goals and that they be provided with exercise programs that they can do alone. The panel agreed that
these programs aimed to ease symptoms, such as pain,
and stiffness and maintain the range of joint movements. The panelists suggested that exercise prescriptions for patients with AS should focus on gymnastics
and stretching. Finally, the panelists indicated that patients with AS should consult with experts regularly
to ensure they are performing in-home rehabilitation
exercises properly.

4.3. Limitations

4.2.2. Home-based rehabilitation programs
In this study, the panel conducted a Delphi survey
to identify rehabilitation programs that were recommended for patients with AS over 60 years of age, based
on the type, frequency, intensity, and time of exercise
rehabilitation during the COVID-19 pandemic.
The panel unanimously recommended that fast walking and stretching are appropriate for a home-based
rehabilitation program for patients with AS over 60.
The panel also recommended indoor biking, Pilates,
and/or yoga for a home-based rehabilitation program,
and unanimously recommended home training exercises for one hour, four to six times a week, including
low-intensity weight training.
This study confirmed that the panel agreed with the
following proposition: “It is recommended that a lowintensity exercise-based program for an hour, four to
six times a week, is necessary for patients with AS over
60 during the COVID-19 pandemic.” In the final round,
the experts agreed unanimously (CVR = 1.0).

5. Conclusions

This study is not without limitations. We did not directly interview or analyze patients with AS. Since the
credibility of the resulting recommendations depends
on the rigorous use of the Delphi technique, there is a
need for consistency and quality in both the conduct and
the reporting of studies, such as guidance on Conducting and REporting of DElphi Studies (CREDES) [40].
Therefore, it is necessary to increase survey participation, followed by a slightly more sophisticated use of
the Delphi technique in future studies. Also, further
research is needed to determine whether the interruption of this exercise program affects the prognosis of
patients with AS.

Patients with AS usually have symptoms of pain
and stiffness in their joints, which should be treated
with exercise rehabilitation to maintain and prevent disease progression. This is especially needed during the
COVID-19 pandemic, as a discontinuation of exercise
rehabilitation may lead to disease flare-ups. Traditionally, AS has been managed with a combination of medication and exercise, with the latter appearing to be more
effective for AS than for other types of arthritis [34].
The cornerstone of AS medical management includes therapeutic exercise, with the primary objective
being to maintain normal posture and activity. Many
kinds of physical therapy have been considered, including supervised individual therapy, unsupervised selfadministered individual exercise, and supervised group
therapy [19]. Although these exercise recommendations
feature prominently in the relevant clinical guidelines
for managing patients with AS [35], the specific infor-
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mation to guide exercise planning is lacking [36]. Most
published evidence focuses on mobility exercises, while
relatively little attention has been paid to other aspects
of exercise programs, such as strengthening, balance,
and cardiorespiratory exercise, despite the recognition
that AS can affect muscle strength, balance, and cardiorespiratory function [37–39]. Similarly, there is little
information about recommended dosages (frequency,
intensity, and duration) or patient adherence to recommended programs [36]. Thus, it is necessary to evaluate
how exercise therapies should be performed during the
COVID-19 pandemic.
This study evaluated home-based rehabilitation for
patients with AS over 60, using the Delphi method.
During the COVID-19 pandemic, when hospital visits are limited, the experts recommended home-based
rehabilitation programs for patients with AS over 60.
Based on the results, this study presents the following
conclusions. First, it is suggested that home-based rehabilitation for patients with AS over 60 should carry out
the programs they can do alone with clear rehabilitation
goals. Second, the rehabilitation programs should aim
to ease symptoms, such as pain and stiffness, and maintain the range of joint movement in patients with AS
over 60. Third, the appropriate exercise prescriptions
and regular consultations should be provided for patients with AS, focusing on gymnastics and stretching
at home. Fourth, home exercises such as fast walking,
riding a stationary bike, Pilates, and yoga are appropriate for a home-based rehabilitation program in patients
with AS over 60. Fifth, patients with AS over 60 should
repeat low-intensity exercises for an hour a day, four
to six times a week. In conclusion, this study suggests
that a low-intensity exercise-based program for an hour,
four to six times a week, is necessary for patients with
AS over 60 during the COVID-19 pandemic.
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